Aust. J. Phys., 1983,36, 583-9 Values of the ratio of the thermonuclear reaction rate of a reaction, with target nuclei in a thermal distribution of energy states, to the reaction rate with all target nuclei in their ground states are tabulated for neutron, proton and (X-particle induced reactions on the naturally occurring nuclei from 2°Ne to 70Zn, at temperatures of 1, 2, 3·5 and 5 x 10 9 K. The ratios are determined from reaction rates based on statistical model cross sections.
Thermonuclear Reaction Rates
The main experimental input to the theory of nucleosynthesis in evolving and exploding stars is the large body of reaction cross-section measurements reported in the literature. Cross sections are fed into the nucleosynthesis calculations in the form of thermonuclear reaction rates (uv) . Here u is the cross section corresponding to a relative collision velocity v, and the averaging is carried out for a Maxwellian distribution of velocities. The expression for the thermonuclear reaction rate is given by Fowler et al. (1967) as (uv) = (8/nM) 
t(kT)-.3/250 00 u(E)Eexp( -E/kT) dE,
where M is the reduced mass and E the c.m. energy in the incident channel. If experimental cross sections are substituted into equation (1) , then the reaction rate obtained is non-physical at stellar temperatures in that it is arrived at on the assumption that all target nuclei are in their ground states. However, in a star, nuclei are thermally excited into excited states, and the true stellar reaction rate is given by (uv) 
I'
where PI' is the probability that the target nucleus is in its energy state j1., with the ground state given by j1. = 0, and (uv)1' is the corresponding reaction rate. In this notation, the reaction rate obtained by direct substitution of experimental cross sections into equation (1) is <uv)o. If the probabilities PI' follow a thermal distribution, the true stellar reaction rate is given by <uv)* = (~(2JI'+ 1) exp ( -el'lkT) <uv)1' ) / (~ (2]1'+ 1) exp ( -el'lkT) ) , (3) where JI' and el' are the spin and excitation energy of energy state J-l. If a nucleus possesses one or more isomeric excited states, it is possible that the time required to achieve a thermal distribution of excited states is long compared with the lifetime of the nucleus in the stellar environment, in which case a thermal distribution of states would not be attained. This problem has been investigated for equilibration of specific nuclei by means of electromagnetic transitions by Solomon and Sargood (1978) and Ward and Fowler (1980) , and for equilibration by means of proton scattering by Anderson et al. (1980 Anderson et al. ( , 1981 . Ward and Fowler (1980) also presented the formalism for the general case, including all equilibration processes.
To obtain <uv)* from experimental cross-section data one needs to be able to evaluate the ratio <uv)*I<uv)o. Since it is, in general, not possible to measure cross sections for J-l =F 0, the evaluation of this ratio depends on theoretical values for the reaction rates <uv)l'. Woosley et al. (1975) used a statistical model formalism to calculate <uv)O and <uv)* for neutron, proton and a-particle induced reactions on all naturally occurring target nuclei from 2°Ne to 70Zn, the values of <uv)* being based on the assumption of a thermal distribution of states, and tabulated the results for the temperature range T9 = 0· 1-10, where T9 is the temperature in units of 10 9 K. The ratio <uv)*I<uv)O may therefore be pbtained, for this range of reactions and temperatures, from their tables. Tables 1-4 of the present paper list the results so obtained for T9 = 1, 2, 3·5 and 5. These temperatures were chosen as being broadly representative of the conditions corresponding to the major post helium burning processes: T9 '" 1 for hydrostatic carbon burning (Arnett and Truran 1969) , T9 '" 2 for explosive carbon burning (Pardo et al. 1974) and hydrostatic oxygen burning (Woosley et al. 1972) , T9 '" 3·5 for explosive oxygen burning (Woosley et al. 1973) and hydrostatic silicon burning (Arnett 1977) , and T9 '" 5 for the onset of nuclear statistical equilibrium. Woosley et al. (1975) rounded all their reaction rates to three figures. The presently tabulated ratios calculated from them have also been rounded to three figures and will therefore be reliable to better than 1·5 % in every case.
Discussion
From Tables 1-4 it is clear that excited states in target nuclei playa very important role in determining thermonuclear reaction rates under stellar conditions. The most dramatic effects occur very largely for reactions [such as (n, p) and (n, a) reactions on neutron rich isotopes, and (p, n) reactions on a-particle nucleus targets] for which the stellar reaction rates are very small and are at least two, and sometimes as many as eight, orders of magnitude less than those for one or more competing reactions from the same entrance channel. However, ratios of '" 2 are common, and some of '" 10 occasionally occur, for strongly competing and even dominant channels. Furthermore, even weakly competing exit channels may be of great importance in synthesis networks leading to rare nuclei. The sheer magnitude of these ratios has important implications for nucleosynthesis calculations. In many cases the compound nucleus level density is not sufficiently high to satisfy the basic assumption of the statistical model yet, apart from a difficult and time-consuming technique based on measurements of compound elastic and inelastic scattering from individual resonances (Bahcall and Fowler 1969; Fowler et al. 1975) , the only method currently available for determining the ratio <uv)*I<uv)o depends on the use of this model. It is therefore clear that, in such cases, deducing stellar reaction rates from even the most carefully collected experimental data may be quite hazardous, since it involves applying a significant correction factor which is highly suspect. Correction factors such as those presented here should therefore be used with due caution. However, the correction factor is a ratio of calculated reaction rates and some of the weaknesses in the model which may arise for a given reaction will largely cancel. For that wide range of reactions and temperatures for which the experimental data in the literature have shown the statistical model to be substantially reliable, it should be possible to use with confidence the < uv)* 1< uv)O ratios calculated from statistical model cross sections to determine < uv)* from experimentally based values of <uv)o.
The statistical model development by Woosley et al. (1975) has been published by Holmes et al. (1976) . A discussion of the role of excited states and the assumption of a thermal distribution of states, and also parametrization of the data on which the present paper is based, are given by Woosley et al. (1978) .
